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1.  INTRODUCTION:  Narrative  that  briefly  (one paragraph)  describes  the  subject,  purpose  and  scope  of 
the  research. 


Acquired  aplastic  anemia  (AA)  is  a  condition  of  bone  marrow  failure  (BMF)  characterized 
by  blood  pancytopenia  and  BM  hypoplasia.  In  most  cases,  AA  is  an  immune-mediated 
disorder  with  destruction  of  hematopoietic  stem  and  progenitor  cells  by  T  cells.  There  is 
increasing  evidence  that  CD4+  T  effector  cells  that  produce  high  levels  of  IFN-y  are 
associated  with  AA  in  patients  and  experimental  AA  mice.  IFN-y  displays  potent  effects 
on  suppressing  hematopoiesis.  Immunosuppressive  therapy  with  antithymocyte  globulin 
in  combination  with  cyclosporin  A  (CsA)  can  induce  a  hematologic  response  in  about 
two-thirds  of  AA  patients.  However,  relapse  occurs  in  up  to  35%  of  AA  patients  when 
CsA  is  withdrawn  at  6  months.  Allogeneic  BM  transplantation  (BMT)  has  significantly 
improved  the  survival  of  AA.  However,  graft-versus-host  disease  (GVHD)  remains  a 
major  barrier  to  the  success  of  the  procedure.  Novel  approaches  are  needed  to  improve 
the  outcomes  of  AA  treatment. 

The  long-term  goal  of  our  studies  is  to  develop  novel  approaches  to  control  inflammatory 
T  cells  causing  BMF  and  GVHD.  The  objective  of  this  application  is  to  define  the  role  of 
Jmjd3,  which  is  a  histone  demethylase,  in  regulating  inflammatory  T  cell  responses,  and 
identify  an  optimal  approach  to  reduce  BMF  and  GVHD  by  inhibiting  Jmjd3.  The 
rationale  of  these  studies  is  that  if  we  identify  the  critical  roles  of  JMJD3  and  its- 
regulated  mechanisms  in  BM-destructing  T  cells,  we  can  further  define  optimal 
therapeutic  approaches  to  modulate  inflammatory  T  cell  responses  for  controlling  AA. 
These  studies  are  highly  significant  because  they  would  potentially  lead  to  novel  and 
clinically  relevant  strategies  to  improve  the  outcomes  of  therapy  for  AA,  and  may  have 
broad  implications  in  other  T  cell-mediated  disorders  such  as  autoimmune  diseases  and 
chronic  infection. 

2.  KEYWORDS:  Provide  a  brief  list  of  keywords  (limit  to  20  words). 

2.1.  Aplastic  anemia 

2.2.  T  cells 

2.3.  Thl  cells 

2.4.  Th17  cells 

2.5.  MDSC  (Myeloid  derived  suppressive  cells) 

2.6.  Jmjd3 

2.7.  Utx 
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2.10.  Graft-versus-host  disease  (GVHD) 

2.1 1 .  Bone  marrow  transplantation 
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2.14.  Hematopoietic  stem  cells  (HSCs) 


3.  ACCOMPLISHMENTS:  The  PI  is  reminded  that  the  recipient  organization  is  required  to  obtain  prior 
written  approval  from  the  awarding  agency  Grants  Officer  whenever  there  are  significant  changes  in  the 
project  or  its  direction. 


■  What  were  the  major  goals  of  the  project? 

■  List  the  major  goals  of  the  project  as  stated  in  the  approved  SOW.  If  the  application  listed 

milestones/target  dates  for  important  activities  or  phases  of  the  project  identify  these  dates  and  show 
actual  completion  dates  or  the  percentage  of  completion. 


The  major  goals  of  the  project  include:  1)  understanding  the  roles  of  JMJD3  in  the 
generation  and  maintenance  of  BM-destructive  T  cells.  Understanding  the  cellular 
mechanisms  of  JMJD3  action  in  inflammatory  T  cells  is  essential  to  establish  how  BMF- 
mediating  T  cells  develop  and  persist  during  AA  process;  and  2)  assessing  whether 
JMJD3  and  Ezh2  cooperatively  regulate  T  cell  production  of  IFN-y  in  AA  mice.  Identifying 
the  molecular  mechanisms  by  which  JMJD3  and  its-counteracting  enzyme  Ezh2 
orchestrate  transcriptional  programs  (such  as  T-bet)  for  inducing  and  sustaining  T  cells 
mediating  BMF. 

■  What  was  accomplished  under  these  goals? 

■  For  this  reporting  period  describe:  1)  major  activities;  2)  specific  objectives;  3)  significant  results  or 
key  outcomes,  including  major  findings,  developments,  or  conclusions  (both  positive  and  negative); 
and/or  4)  other  achievements.  Include  a  discussion  of  stated  goals  not  met.  Description  shall  include 
pertinent  data  and  graphs  in  sufficient  detail  to  explain  any  significant  results  achieved.  A  succinct 
description  of  the  methodology  used  shall  be  provided.  As  the  project  progresses  to  completion,  the 
emphasis  in  reporting  in  this  section  should  shift  from  reporting  activities  to  reporting 
accomplishments. 

During  the  past  year  of  support,  the  major  activities  of  our  research  focus  on:  A) 
establishing  the  animal  protocols  and  IRB  protocol;  B)  investigating  the  impact  of 
blocking  chromatin  enzymes  that  modify  trimethylation  of  H3K27me3  in  T  cells;  and  C) 
developing  new  approaches  to  modulate  BM-disrupting  T  cells. 

Our  objectives  are  to  identify:  1)  the  roles  of  JMJD3  in  marrow-destructing  T  cells;  and 
2)  JMJD3-regulated  molecular  pathways  that  mediate  alloreactive  T  cell  responses. 
Results  from  these  experiments  will  be  important  for  developing  novel  approaches  to 
reduce  BMF  and  GVHD  by  targeting  Jmjd3-mediated  pathways  in  alloreactive  T  cells. 

Our  significant  finding  is  the  discovery  of  an  important  epigenetic  regulation  pathway, 
which  is  initiated  by  Jmjd3  removal  of  the  repressor  H3K27me3  and  involves  a  Ezh2- 
orchestrated  transcriptional  programs.  This  pathway  may  help  our  understanding  of 
epigenetic  regulation  of  T  cell  inflammation  and  development  of  novel  approaches  to 
modulate  BMF  andGVHD. 


Accomplishments: 

The  major  accomplishment  over  the  past  year  is  the  identification  that  Jmjd3  may 
play  a  key  role  in  initiating  a  cascade  reaction  of  epigenetic  effects  on  regulating 
effector  differentiation  during  antigen-driven  T  cell  responses.  This  epigenetic 
pathway  may  represent  an  effective  target  for  modulating  inflammatory  T  cells  that 
disrupt  BM  cells. 

A).  Background.  JMJD3  is  a  histone  demthylase  that  mediates  demethylation  of 
H3K27me3  and  acts  primarily  as  a  gene  activator.32,33  Therefore,  JMJD3  regulates 
genes  that  are  targeted  by  Ezh2-mediated  H3K27me3  in  an  opposite  manner.32  35 


Interestingly,  a  recent  study  identifies  the  importance  of  JMJD3  in  regulating  CD4+  T  cell 
differentiation.36  JMJD3  ablation  does  not  affect  thymocyte  development  but  inhibits 
CD4+  Thl  differentiation  and  T  cell-mediated  autoimmne  colitis  and  experimental 
encenphalitis. 36,37  However,  whether  JMJD3  is  critical  for  the  proliferation  and 
differentiation  of  human  effector  T  cells,  and  whether  JMJD3  can  be  targeted  to 
modulate  T  cell-mediated  BMF  in  AA  mice,  remain  unexplored.  Our  idea  is  that 
blocking  JMJD3  represents  a  novel  and  therapeutic  approach  to  control  T  cell- 
mediated  BMF. 

Since  we  only  recently  acquired  the  approval  from  Human  Research  Protection  Office 
Office  of  Research  Protections  US  Army  Medical  Research  and  Materiel  Command  (A- 
19326  HRPO  Approval  Memorandum  (Proposal  Log  Number  BM1501 10,  Award 
Number  W81XWH-1 6-1  -0055),  our  research  activities  for  studying  the  role  of  Jmjd3  in  T 
cells  focus  on  the  utilization  of  experimental  mice. 

B) .  JMJD3  is  a  down-stream  mediator  of  TCR  signaling  in  human  T  cells.  We  want 
to  investigate  the  upstream  signals  that  may  be  important  for  activating  Jmjd3  to  reduce 
H3K27m3. 

Stiml  mediates 
Ca2+  signals, 
and  is  triggered 
by  TCR  ligation 
and  antigen 
activation.  Stiml 
can  activate  and 
NFkB  pathways 
to  drive  T  cell 
proliferation  and 
differentiation 
(Fig.lA).  We 
found  that  Jmjd3 
was  rapidly 
induced  in 

activated  CD8  T 
cells  within 
2hours  of  TCR 
ligation,  further 
increased  by  4 

hrs  and  peaked  by  6hrs.  Loss  of  Stiml  resulted  in  lower  levels  of  Jmjd3  and  decline  of 
Jmjd3  at  a  faster  rate,  with  significantly  reducing  by  6  hrs  (Fig.lA).  TCR  activation 
induced  Ezh2  in  CD8  T  cells  at  a  slower  rate  than  Jmjd3,  peaked  by  24  hours  after 
activation  (Fig. IB).  Stiml  deficiency  impaired  the  early  induction  of  Ezh2  (by  6hrs),  but 
did  not  significantly  affect  Ezh2  after  24  hours.  Thus,  upon  TCR  activation,  Stiml - 
mediated  signals  may  have  differential  roles  in  regulating  Jmjd3  and  Ezh2  expression 
and  function. 

C) .  During  effector  differentiation,  activated  T  cells  progressively  decrease  cellular 
levels  of  transcription-repressive  H3K27me3.  Upon  TCR-ligation,  CD8+  T  cells  were 
activated  to  upregulate  the  expression  of  activation  markers  CD25  and  CD69,  produced 
CD62Lhl  central  memory  precursor  T  cells  (TCmp)  and  CD62L10  effector  T  cells  (TEff) 
(Fig.2A).  TCmp  had  higher  levels  of  cellular  H3K27me3  than  TEff,  and  TEFf  can  be 
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Fig-i-  TCR  ligation  induces  rapid  uprgulation  of  Jmjdj3  and  Ezh2 
transcription  in  activated  murine  WT  and  Stiml -deficient  (StimT/_) 
CD8+  T  cells.  Mouse  CD8+  T  cells  were  activated  by  anti-CD3  Ab  and 
ani-CD28  Ab  over  a  period  of  24  hours.  RNA  was  extracted  from 
these  cells  at  indicated  time  points  of  culture.  The  expression  of  Jmjd3 
and  Ezh2  mRNAwas  measured  using  real-timeRT-PCR.  *,  p<0.05. 


classified  into  at  least  two  cell  subsets:  H3K27m3hl  TEff  and  H3K27m3'°  TEff  (Fig.2B). 
Intracellular  cytokine  assay  showed  that  TCmp  produced  10-fold  less  in  frequency  of  IFN-y 
and  TNF  -a  than  TEFf  (Fig.2C),  suggesting  that  the  production  of  effector  cytokines  is 
associated  with  the 
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Fig. 2.  During  effector  differentiation, 
activated  T  cells  progressively  decrease 
cellular  levels  of  transcription-repressive 
H3K27me3.  Mouse  CD8+  T  cells  were 
labeled  with  CellTrace  Violet  and 
activated  by  anti-CD3  Ab  and  ani- 
CD28  Ab.  Five  days  later,  flow 
cytometric  analysis  was  used  to 
monitor  cell  proliferation,  generation  of 


1  CMP 


and  Teff  subsets,  dynamic 


reduction 
H3K27m3. 
removal 
H3K27me3 
repressor  is  an 
important  step  for 
activated  T  cells 
to  undergo 

effector 
differentiation. 

However,  whether 
H3K27m310  TEFF 
may  produce 

higher  levels  of 
IFN-y  than 

H3K27m310  TEFF  is 
unclear.  Further 
understanding  how 

decreasing  H3K27me3  causes  cytokine  production  will  be  important  to  define  the  e 
pigenetic  mechanism  that  regulates  effector  differentiation  and  memory  formation  during 
BMF. 


CD62L 


CD62L 


changes  in  cellular  H3K27me3  and 
production  of  effector  cytokines  (TNF-a 
and  IFN-y).  (A,  B)  TCR-activated  T 
cells  undergo  extensive  proliferation 
and  Tcmp  and  TEFF,  which  expressed 
CD62Lhi  and  CD62L10  phenotype  (B). 
(C)  expression  of  cellular  h3K27me3  in 
each  T  cell  subset.  (D)  Cytokine 
production  by  these  T  cells. 


D).  Inhibiting  Jmjd3  results  in  differential  roles  in  induction  of  H3K27m3  and 
cytokines  between  TCmp  and  TEff-  TCmp  expressed  higher  levels  of  Jmjd3  than  TEFF 
(Fig.3A).  Addition  of  the  Jmjd3  inhibitor  GSK-J4  significantly  increased  the  cellular 
H3K27me3  in  TCmp  and  H3K27m3'°  TEFf  (Fig.  3B).  Notably,  GSK-J4  even  increased  the 
expression  of  Jmjd3 
protein  in  T  cells  (Fig. 

3B),  suggesting  that  the 
function  of  Jmjd3  is 
indeed  reduced. 

Intriguingly,  it  also 
increased  cellular  levels 
of  H3K27me3  in  TEEf 
(Fig.3B).  Inhibiting  Jmjd3 
using  GSK-J4  also 
dramatically  decreased 
cytokine  production 
(Fig.3B).  Further 

experiments  should 
address  the  following 
issues:  1)  whether 

different  subsets  of 
activated  T  cells  have 
distinct  susceptibility  to 
Jmjd3  inhibitor;  2) 
whether  Jmjd3  may  have 
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Fig. 3.  Inhibiting  Jmjd3  results  in  differential  roles  in  induction  of  H3K27m3  and  cytokines  between  TCMP  and  TEFF.  CD8+  T 
cells  were  cultured  as  described  in  Fig.2,  and  collected  5  days  after  activation.  (A)  expression  of  Jmjd3  protein  and  H3K27me3 
in  both  TCMP  and  TEFF  subsets.  (B,C)  The  cellular  levels  of  H3K27me3  and  Jmjd3  protein  in  TCMP  (B)  and  TEFF  (C).  (D)  Cytokine 
production  of  CD8+  T  cells  cultured  in  the  presence  or  absence  of  GSK-J4  for  5  days. 


differential  roles  in  T  cells  at  different  differentiation  stage;  and  3)  whether  GSK-J4- 
mediated  reduction  of  cytokine  may  be  associated  with  increased  levels  of  H3K27me3  in 
TEff-  Results  from  these  experiments  will  clearly  establish  the  correlation  between 
H3K27m3  down-regulation  and  cytokine  induction  and  effector  differentiation. 


E).  GSK-J4  reduces  T  cell  responses  driven  by  allogeneic  dendritic  cells  (DCs). 

We  also  tested  the  effect  of  pharmacologic 
JMJD3  inhibition  on  murine  T  cells 
activated  by  allogeneic  DCs.  T  cells  were 
labeled  by  fluorescence  dye  CFSE,  which 
allowed  us  to  track  cell  division  history  and 
proliferation.  In  this  culture,  dividing 
(CFSElow)  T  cells  represent  mostly 
alloantigen-activated  cells,  whereas  non¬ 
dividing  (CFSEh'9h)  T  cells  contain 
alloantigen  non-responding  cells41.  Addition 
of  GSK-J4  to  the  culture  at  day  0  of 
stimulation  reduced  the  fraction  of  CFSE|0W 
T  cells  (Fig.4A),  without  significant  effect  on 
CFSEhigh  T  cells  (Fig.4B).  Thus,  GSK-J4 
causes  selective  reduction  of 
alloantigen-activated  T  cells.  GSK-J4 
treatment  also  caused  a  significant 
decrease  in  frequency  of  IFN-y-producing  T 

cells  (Fig.4C),  confirming  the  importance  of  JMJD3  in  Thl  cells.36,37  Furthermore,  GSK- 
J4  also  reduced  the  fraction  of  IFN-y-secreting  CD8  T  cells,  elucidating  the  importance  of 
JMJD3  in  CD8  T  cell  responses,  which  has  not  been  previously  explored. 


GSK-J4  (pM) 


GSK-J4  (pM) 


GSK-J4  (pM) 


Fig.4.  GSK-J4  inhibits  alloreactive  T  cell  responses  in  cultures.  CD4 
and  CD8  T  cells  from  B6  mice  were  stimulated  with  allogeneic  DCs 
derived  from  BM  of  BALB/C  mice.  Five  days  later,  cells  were 
harvested  to  measure  their  proliferation  and  cytokine  production.  (A) 
The  fraction  of  CFSE|0W  T  cells.  (B)  The  fraction  of  CFSEh'9hT  cells. 
(C)  Percent  IFN-y  -producing  cells.  *,  P<0.05;  **,  P<0.01. 


Building  on  these  results  (Fig.  1  -Fig.4)  and  results  from  our  unpublished  studies  (Nature 
Immunology,  Revision,  2017,  data  not 
reported  here),  we  propose  an 
epigenetic  regulation  model  that 
controls  T  cell  immune  responses 
during  BMF  and  GVHD  (Fig. 5).  Upon 
TCR  ligation,  activated  T  cells  rapidly 
induce  Jmjd3  and  its-mediated  removal 
of  H3K27me3,  leading  early 
transcription  of  Tbx21  and  production  of 
Ifng.  IFN-y  binds  to  IFNGRs  to  trigger 
IFNG  signaling  and  subsequent 
activation  of  Akt.  Active  Akt  mediates 
phosphorylation  of  Ezh2,  dissociates 
Ezh2  from  the  promoter  regions  of  major  TFs  (e.g.,  Tbx21,  Prdml,  Eomes,  Id2  and  Id3), 
mediating  durable  reduction  of  Ezh2  function  and  subsequently  exemplified  effector 
differentiation. 
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Fig. 5.  Hypothetical  epigenetic  regulation  model  that 
controls  T  cell  immune  responses  during  BMF  and 
GVHD 


In  summary,  we  propose  that  better  defining  in  depth  this  epigenetic  regulation  pathway, 
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phosphorylation  dissociated  Ezh2  and  activation  of  transcription  factors  for  promoting 
effector  differentiation,  will  lead  to  new  strategies  to  control  BMF  and  GVHD.  Studies  for 
next  supporting  time  period  will  focus  on  illuminating  this  pathway.  If  this  is 


experimentally  validated,  it  will  open  new  perspectives  to  improve  the  efficacy  of  treating 
BMF  and  GVHD  by  targeting  multiple  key  regulatory  points. 
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